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ABSTRACT 


The present study compared two methods for teaching 
neurologically impaired children to discriminate between two 
abstract figures which differed only in spatial orientation. 
Eighty-five subjects were randomly assigned to errorless and 
traditional training groups and performance differences were 
examined considering the factors of chronological age and 
symptomatology of the child. 

A significantly greater number of subjects were able 
to learn the discrimination by errorless training than 
traditional training across three age levels. The errorless- 
trained subjects also learned the discrimination more quickly. 

When the sample was grouped according to neurological 
category it was demonstrated that significantly more 
neurologically impaired children demonstrating either "hard" 
or "soft" symptomatology could learn the discrimination with 
errorless training than traditional training. Again, the 
errorless group also learned the discrimination faster. 

The results indicate the effectiveness of errorless 
training with neurologically impaired children regardless of 
the chronological age of the child or symptomatology. The 
application of errorless training techniques to educational 
problems presented by neurologically impaired children is 
discussed with particular reference to reading reversal 


difficulties. 
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Chapter l 
Introduction 


| At one time experimental psychology and clinical 
psychology were considered distinct areas. Rarely did the 
experimental psychologist use children as subjects and rarely 
did the clinical psychologist employ experimental methods. 
In recent years, however, considerable attention has been given 
to the integration of these two areas. Staats (1968) suggests 
that the schism which existed between experimentalists and 
clinicians may be dissolved through adopting a common basis 
in methodology, theory and areas of study. The present study 
represents an attempt to do a theoretical piece of research 
which has direct clinical implications. 

From the beginning of life the child is faced with a 
series of situations where a choice or discrimination is 
required. At first these discriminations are quite simple 
such as whether the face peering over the edge of the crib 
is that of mother, father or stranger. Later the child makes 
the choice of a favourite toy and then is required to make 
increasingly fine discriminations in order to reject other 
substitutes being offered to him. As the child grows older 
he is confronted with progressively more complex situations 
which must be responded to differentially. At all instances 
in this development the consequences of these discriminations 


are shaping subsequent behavior in the child. 
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In order to make a discrimination the child has to 
be able to respond to differences between stimuli, attending 
to some attributes and ignoring others. A central feature of 
the discrimination process, then, is the perception of 
stimulus differences. 

Perceptual deficiency is a major factor in a child's 
poor performance on discrimination tasks (Fellows, 1968). 
Perceptual deficits, particularly in the visual modality, are 
commonly found in neurologically impaired children (Cruikshank, 
1965) so that accurate visual discriminations are often diffi- 
cult for these children. 

House and Zeaman (1960.a) suggested that more atten- 
tion be paid to the perceptual aspects of discrimination 
learning. It was proposed (Zeaman and House, 1963) that 
in acquiring a discrimination a subject has to learn two 
things. First, he has to learn to attend to the relevant 
stimulus dimensions; and second, he has to learn to attend 
to the positive cue on that dimension. 

The attention deficiency theory of Zeaman and 
House (1963) was developed in working with retarded children. 
In the present research this theory will be examined in 
reference to discrimination learning with neurologically 
impaired children. An attention controlling technique, 
cue-fading or errorless training, will be employed to see 
if discrimination learning in neurologically impaired 
children is facilitated. 


The results of this study will suggest the 
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appropriateness of the House-Zeaman attention model to a 
population different from the one that the theory was 
developed on. The results will also indicate the utility 
of the technique being examined for approaching some of the 
specific educational problems presented by neurologically 


impaired children. 


Chapter 2 


Review of Literature 


Discrimination Learning 


Discrimination learning has traditionally been 
conceptualized as an interaction of acquisition and extinction 
through differential reinforcement. Thus, an organism learns 
to respond differentially to two stimuli, S+ and S-, when 
positively reinforced for responding to S+ and not reinforced 
for responding to S-. The discrimination is said to have been 
learned when the organism consistently responds to S+ and 
avoids responding to S-. However, during the acquisition of 
the discrimination responses to both S+ and S- occur, but S- 
responses (errors) eventually extinguish because they are not 
reinforced. Since responding to S- typically occurs, the 
generally accepted view has been that such responding is an 
integral part of discrimination learning (Terrace, 1963). 

Keller and Schoenfield (1950) stressed the importance 
of errors and their immediate non-reinforcement in order to 
develop a response probability difference to the two stimuli 
that are to be discriminated. Their insistence upon the 
occurrence of errors was carried to the point of providing 
comparatively long and frequent periods of S- presentations 
thus ensuring the fullest utilization of the effects of non- 
reinforcement. This insistence upon the occurrence of errors 


was developed further in Harlow's proposal of error factors 
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(1959). 

Kimble (1961) listed the four error factors which 
were considered by Harlow to be an integral part of all 
discrimination learning. 

1, Stimulus perseveration. This class of errors reflects 
innate or previously learned tendencies to respond to the S- 
in a typical discrimination learning task. 

2. Differential cue. There are extraneous cues which 
accompany the S- and which are present when the response to 
the S+ is reinforced. These cues also acquire evocative 
powers for the response in question. Thus, ae trials progress, 
the organism must learn to suppress his response to these cues 
while maintaining his response to the St+. This appears to be 
the problem of learning what are the relevant cues in the 
discrimination task. 

3. Response shift. This concept is offered as an explana- 
tion for the often observed fact that perfect performance is 
seldom ever achieved. That is, after a discrimination has been 
acquired to some criterion level an occasional error or series 
of errors may occur. | 


au Position preferences. This source of errors would 


involve left/right position preference. Kimble's review of the 
evidence (1961, p. 390) leads him to classify this type of 
error as a relatively unimportant source in the discrimination 
learning of primates. Quite persistent position preferences, 
however, have been experienced by those who have worked with 


children in learning experiments (Jeffrey and Cohen, 1965; 
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inate; 1964). 

Harlow suggested that in discrimination learning the 
most important process is not acquisition, but, rather, the 
suppression of errors through extinction with the eventual 


emergence of appropriate stimulus control. 


Errorless Discrimination Learning 


Recent developments with errorless discrimination 
procedures question the emphasis placed on the function of 
S- responses in discrimination learning. Procedures related 
to errorless learning have been noted in the literature for 
some time. For example, some studies have shown that initial 
responding to S- can be minimal when the physical difference 
between S+ and S- is large (Frick, 1948; Raben, 1949; Spiker, 
1956). Similar results are obtained when S- is introduced 
at some extreme value and gradually changed to the desired 
value. 

William James (1890) found that he could obtain 
Similar two-point limens if training began with a widely 
separated pair of points and the distance between them was 
gradually reduced. Pavlov (1927) obtained faster discrim- 
ination learning when he started conditioning with widely 
different stimuli and progressively reduced the difference 
between them as opposed to starting the aope et oninG with 
the final pair of similar stimuli and maintaining a constant 
difference. Schlosberg and Solomon (1943) and Lawrence (1952) 
found that rats could learn to discriminate two similar shades 


of grey without errors or with fewer errors if the task was 
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7 
begun withitack and white stimuli with a progressive change 
to the final pair. Skinner (1938) obtained errorless per- 
formance by initiating the discrimination training immediately 
after the response had been conditioned in the presence of 
the S+. The critical variables in these earlier experiments 
seemed to be the time and manner of the introduction of S-. 

Terrace (1963a) clarified the determinants of 
errorless performance in the discrimination learning of 
pigeons. The response used was key pecking and the stimuli 
to be discriminated were the colors red and green. Four 
procedures were tested: 

l. Early-progressive S- discrimination training; the 
S- was introduced approximately 30 seconds after the key 
peck had been conditioned in the presence of the S+ and the 
S- was progressively changed from a barely illuminated green 
of 5 seconds duration to a fully illuminated green of 3 minutes 
duration. 

2. Early-constant S- discrimination training; as above, 
discrimination training began approximately 30 seconds after 
the key peck had been conditioned in the presence of the S+ 
but the S- duration and brightness was at its final, maximum 
value of 3 minutes, full illumination. 

3. Late-progressive S- discrimination training; The S- 
was. introduced and progressively changed from a barely 
illuminated green of 5 seconds duration to a fully illuminated 
green of 3 minutes duration after 21 sessions of key peck 


conditioning in the presence of the St. 
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4. Late-constant S- discrimination training: the S- 


was introduced at full duration and brightness after 21 
sessions of key peck conditioning in the presence of the S+. 

On the basis of his results, Terrace concluded that 
errors do not occur if (1) discrimination training is started 
immediately after the acquisition of the conditional response 
and (2) the S- initially differs in duration and brightness 
with color being the only final difference between them. 

Terrace also observed post-criterion error bursts 
in these animals which had not been trained under the early- 
progressive procedure. Following discrimination learning 
without errors, disruptions of Mee eee were never observed. 
The relatively poor performance of birds who learned with 
many errors may be partially attributed to early intermittent 
reinforcement resulting from responding to S-. This may have 
had the effect of retarding the subsequent extinction of 
responding to S-. 

Other differences in performance were noted following 


discrimination learning with and without errors. 


Differences in Performance Following Errorless and Traditional 
Training 


It was observed that following discrimination learning 
with errors, S- evokes various emotional responses such as 
wing flapping and turning away from the key. The patterns 
of emotional responses that were observed in the presence of 
S- following discrimination learning with errors appear to 


be similar to those reported by Azrin and his colleagues 


oe bebuipnen ‘aaiealge unten a om cael ws 10° | 
4 pedvade at yihnbers so btentmixoesh (1) 2b tuope dom ob 
| eenoqes: famobsibaoo prt to doidbetopon any xedha yle: 
‘gaondtiotwa bas pouse ww | at eretEs. wllebsint =e eats wi 
tent aeewted gonster? ib ana vine pad pied 1009" 
asexud xorte: nokiekixesse09 batasede cake: eonz1eT o vi ‘a 
-~yitee ont vebay beatexd noad fot bei do itty lems ood i | 
paiassel fokssniaitoe th pniwolLo®  dsutisoaxe oben 297 mn cal i 
.bavigede Teven axow edhertsotieg #o, snoisque bis \axeyae igen 
dstiw bensset ofl: abiid to sonemotxed, 1009 ‘iowa 
tnestimypetns yixse of bavudissys Yisivsag ed ‘yen erase 4 
sven ysm eid? .-2 02 eaibnognes mont peste snomgonote 
fo mokstonstxe Jasupeedue: ents entbrase io von wt se 
48 oo 3 


4 


priwonto® baton Staw avnsmiozied ink L banaexettie call 
ne 0 ~eotxe juouid in bre bw! hesasigsont saudi : 


hi ro . : / : : j ys un 7 7 a a. 
tf - epen a og ah Ok #ESL10 io 28 Pattet f Nat - - 
pnts s taadet rd pal sullen ot es aut bh wh gets Sas none i one hs Mia fod nab dds Ee Srend 
: = on Pied a ali ae , =e : Dr spe 7 
lao PN s id ‘ ao ro 4 


i 


ab: soaapane ith § happier aeeccgees 
bt xbeqgs eroute statw pens cain ct 
al a te 6 ee 


US q. 


(Azrin, Hutchinson and McLaughlin, 1965) at the start of 
extinction. Of Special interest was Azrin's observation 
that the removal of a positive reinforcer resulted in 
aggressive behavior that was strikingly similar to behavior 
that resulted from the presentation of an aversive stimulus. 
The occurrence of emotional responses in the presence 
of S- by those birds which had experienced errors suggests 
that S- functions differently following discrimination learn- 
ing with and without errors. This difference seems to be 
supported when one examines the rate or latency of responding 
to S+, the accuracy of long-term discrimination performance, 
the effect of drugs on responding to S-, and the location of 
the peak of a post-discrimination generalization gradient. 
One of the consequences of training a discrimination 
is an increase in the rate (Reynolds, 1961) or a decrease 
in the latency (Jenkins, 1961) of responding to S+. Reynolds 
called these changes behavioral contrast because in each case 
the rate and latency of responding to S+ contrasted with the 
rate and latency of responding to S- during the formation 
of a discrimination. The discriminations that were studied 
by Reynolds and Jenkins were acquired with many 
errors. If a similar discrimination was trained without 
errors, no contrast is obtained (Terrace, 1963a, 1963b, 1966). 
Terrace (1968) suggested that this indicates that in tradi- 
tional discrimination S- acquires aversive properties and 


behavioral contrast is a byproduct of frustration or similar 
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10 
emotional responses. Subsequent research (Rilling et. al, 
1969) supported this view. 

Hanson (1961) and Peirrel and Sherman (1962) demon- 
strated that the peak of a generalization gradient obtained 
after traditional discrimination training was displaced away 
from the S+ in a direction that was also away from the S-. 

Terrace (1964a) demonstrated that a peak shift was 
obtained only if the discrimination was learned with errors. 
Since the peak of a post-discrimination gradient was displaced 
away from S- only if the discrimination was learned with errors 
the suggestion was that S- functions differently in a discrim- 
ination without errors. If no (or few) responses to S- occur 
during discrimination training S- may function as a neutral 
stimulus while if S- responses are extinguished during 
discrimination training, S- may function as an aversive 
stimulus. 

Consequently, Terrace (1966) proposed that S- becomes 
an aversive stimulus as a result of discrimination training 
involving many non-reinforced responses to S-, and that the 
peak shift is a symptom ot this aversive or inhibitory 
control. Weisman and Palmer (1969) supported the position of 
Terrace that behavioral contrast and peak shift are correlates 
OL ANNLOLCOLY -CONtErol Of S=. 

The hypothesis that S- may acquire aversive properties 
when a discrimination is learned with errors was also 
investigated in two additional studies by Terrace (1963c, 
1964). It has generally been observed that certain drugs will 


disrupt discrimination performance by inducing responding to 
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S- (Dews, 1955; Dews and Skinner, 1956). in tne. Tirst, study 
the effects of chlorpromazine and imipramine on discrimina- 
tion performance after acquisition by errorless and trial- 
and-error (traditional) procedures was assessed. Both of these 
drugs are known for their anxiety reducing effects. 

Terrace found that the injection of chlorpromazine or 
imipramine, at varying dosage levels, greatly impaired the 
discrimination performance (increased the number of responses 
to S-) of birds trained by the traditional method. Birds 
which had acquired the discrimination through errorless train- 
ing were unaffected by both drugs and continued to perform 
errorlessly. Terrace took this to indicate that in the case 
of a discrimination learned with errors, chlorpromazine and 
imipramine presumably reduced the aversiveness of responding to 


S-. 


Shifting Stimulus Control 


While it is sometimes necessary to establish a new or 
basic discrimination, this is not always the case. Often 
behavior is already under stimulus control; the problem is how 
to bring the behavior under the control of other stimuli. One 
more of Terrace's experiments should be examined to see how 
he approached the problem of shifting stimulus control. 

Terrace (1963b) studied three ways of shifting stimulus 
control from one S+ to a second S+. Pigeons had been trained 
by errorless discrimination techniques to respond when the red 


light (S+) appeared. The pigeons were then shifted to a 
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discrimination situation in which a vertical line was the 
S+ and a horizontal line was the S-. Three procedures for 
implementing the discrimination shift were employed. The 
first technique involved an abrupt shift from the red-green 
discrimination to the vertical-horizontal discrimination. 
The second technique involved superimposing the vertical 
line on the red key and the horizontal line on the green key 
for five 60-trial sessions and then presenting the horizontal 
and vertical lines above. This procedure was superior to 
the. abrupt shift procedure. The third procedure, super- 
imposition and fading, involved superimposing the vertical 
line on the red key and the horizontal line on the green key 
for five ay abst en then in the following sessions the red 
and green lights were progressively diminished until only the 
vertical and horizontal lines remained. This procedure 
resulted in a shift in discrimination without errors. 

After criterion for learning was reached a re-test 
of discrimination performance for red-green was made. Though 
all the birds had originally learned this discrimination 
without errors the intervening experience with line orien- 
tations had a differential effect upon the re-test. The 
birds which had learned the vertical-horizontal discrimination 
without errors continued to perform errorlessly on the red- 
green task when re-tested. The birds which made errors in 
the acquisition of the vertical-horizontal discrimination now 
made errors when re-tested on the red-green task. 


Terrace (1963b) concluded that once errors occur during 
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the formation of a discrimination subsequent performance 
on that and also on related discriminations is permanently 
affected, He pointed out the relevance of this for teaching 
machines in that it provides evidence for the importance of 
learning a program with the fewest possible errors. Writers 
such as Holland (1960), Skinner (ao6as isl ann and Stoddard 
(1967) supported this point of view arguing that a technology 
that generates errors is likely to be less effective for 
teaching than a shaping technology that reduces training 
errors. Holland (1965) refuted the position that errors 


are valuable and even necessary in the process of learning. 


The Role of the S- in Discrimination Learning in. Children 


In the usual discrimination task for children the 
child must learn what stimulus to respond to and what stimulus 
to avoid or not to respond to. Whether each component of this 
dual process is of equal importance in determining the acqui- 
Sition of a discrimination has been examined using retarded 
children as subjects. 

House, Orlando, and Zeaman (1957) made an assessment 
of the role of the S- in a discrimination task with retarded 
children. Three training procedures were employed. The first 
used an S+ and S- which were unchanging over trials. The 
second used an unchanging S+ while the S- was any one of five 
different stimuli varied from trial to trial. The third 
procedure employed a varying S+ while S- was kept constant. 
The results showed that procedure three greatly hindered 


learning as. compared to procedures one and two. This 


my AL) ie ee 


‘Ro: ial ia 
avedixW © segoxze | oldtadod seowat one git pes a sat. 
busbbode bas nets: yhtaet ‘ten bste , (OBRE) ‘BeelbOm ae 
yeofondoes 6 seat pasupse weiv Bo: anteg ads bedasggue: cs 
re tot avigostie peal od os, ylertd el. ekorne eetesenee 
painbsrd aeoubor. sestd-4potonsiost eniqeds: FS seid 

aaouxe dscc moitiaog ony hotuss (meee) pasion 


/ 
poiareos Ro aasoomg Sri ae Yasegeoen deve: bade cidnute 


i gspe.d mo HB et ; 


ID nd batt 5 J. 
aris newb ists 102, dest neidenimioe tb teuew ait nd 


susumise teste Bae od ‘paoqaex. of eulnmese sadw aseek teum § 
elds To Srenogmon ives sedyeu or brogeex os ton io ri of 


“Legos ens eniatmsedeb ak sontedaoqms supe) So ak apes 


bebrssex pated benimexe need Bert adesemimbaniith 8. Re 


dys 


snomascaes | ie wee een aamees pe igtiaso seuct 

| hebistex “igiw dest woksaninsoaab & ae $8 ae to. naam ae 

ue gaat oat Boystans, a babe Lito 
et inicen neve. mine ae 


_ baka oat teas oases 


14 
emphasized the importance of the role of the S+. There were 
no differences, however, between procedures one and two. 
This de-emphasized the importance of the role of the S-. The 
authors concluded that the avoidance of the negative cue was 
not a part of the discrimination process with retarded 
children. . 

In a later study (Zeaman. and House, 1962), the role 
of the S- was questioned again. They demonstrated, with 
retardates, that during the initial acquisition of a dis- 
crimination the requirement of an avoidance response to the 
negative cue was responsible for a disruption of the learn- 
ing rate. Supportive opinion was offered by O'Connor and 
Hermelin (1961) when they concluded that avoidance tendencies 
to negative cues may be altogether absent in some subnormal 
children. 

If the role of the S- in discrimination learning can. 
be questioned, as above studies suggest, then the use of 
errorless training procedures may be quite beneficial. 
Another reason for the use of errorless training is that it 
provides for the development of observing responses, or 
attention, early in the discrimination task. The sat onde 
for this suggestion is found in the following studies. 

House and Zeaman (1960a) related individual differ- 
ences in the acquisition of visual discriminations, with 
retarded children to factors of attention rather than to 
differences in learning ability. House and Zeaman (1960b) 


again stressed the importance of an attention variable. 
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1 
This latter study investigated two different training 
sequences of easy-to-hard discrimination trials and compared 
these for efficiency with a training sequence of hard dis- 
crimination trials only. The results showed that both of the 
easy-to-hard sequences were superior to the hard-only dis- 
crimination trials. The authors concluded that procedures 
which affect the probability of observing responses (RO) also 
affect the ease with which a visual discrimination is learned. 
Thus, the easy-to-hard sequence provided for a relatively 
high, probability of RO. The occurrence of RO increased the 
probability of reinforcement, and reinforcement, in turn, 
increased the probability of RO. There is a circular relation- 
ship involved here. The opportunity for the development of 
RO and the circular relationship which accompanies it, may be 
provided in ty ees hoe tralning procedure. That is, the 
initial use of supplemental cues in errorless training, like 
the initial use of an easy task in the House and Zeaman study, 
may provide for the initial reinforcement of RO. 

O'Connor and Hermelin (1963) with a method somewhat 
analogous to Terrace's superimposition treatment only, 
demonstrated that the control over a verbal response could 
be shifted rather rapidly from a picture to a word when the 
subjects were ten moderately retarded children. 

Sidman and Stoddard (1967) used fading techniques to 
transfer stimulus control in a multiple choice discrimination 
task so that severely retarded children learned to make rather 


fine discriminations between a circle and an ellipse. In 
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16 
another study (Stoddard and Sidman, 1967) they demonstrated 
that when a child proceeds from an easy discrimination through 
a series of intermediate steps to a difficult discrimination 
he has the opportunity to learn the behavior that is pre- 
requisite for the finer discriminations. 

Touchette (1968) found that position-based responses 
were the most probable type of error pattern with mentally 
retarded children. He used a complex stimulus which was 
gradually reduced until the remaining stimulus retained only 
the dimension of position as the response cue. Using this 
program of graduated stimulus changes he was able to teach 
this discrimination to severely retarded boys with few or 
no errors. Further, boys who had previously been unable to 
learn the task with a trial-and-error method were taught the 
discrimination with the graduated program. After a period of 
35 days the subjects in the program group showed significantly 
better retention than the subjects in the trial-and-error 
group. 

Touchette (1968) suggested that: 

Further, some retardates who give the appearance of 
being untrainable, may in fact be the victims of training 
techniques which generate perseverative error patterns. 
For them, a programmed graduated stimulus training proce- 
dure may provide the only means for discovering their 
true potential (p. 48). 

The previous studies suggest the relevancy of error- 

less discrimination training with retarded children. Now let 


us look at some of the work being done in errorless training 


with normals. 
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Moore and Goldiamond (1964) studied the acquisition 
of a visual discrimination in preschool children. The stimuli 
were identical triangles differing in angle of vertical rota- 
tion. A successive match-to-sample techinque was employed. 

On any given trial the child was required to select one of 
three triangles as being identical in angular rotation to 
the sample triangle. Errorless training consisted of pro- 
gressively making the incorrect triangles more similar in 
brightness to the sample. The correct triangle was always 
presented at the same level of illumination as the sample. 
With conventional training all four triangles were of 
identical brightness. A discrimination on the basis of 
angular rotation could be learned only when the errorless 
training was employed. 

Gollin and Savoy (1968) administered a discrimination 
reversal task followed by a conditional discrimination prob- 
lem to children from nursery and elementary schools. The 
task was to respond to one of two figures (triangle and 
circle) presented simultaneously on a common background. 

When criterion was reached on the original discrimination 
training, the same pair of cues was then presented on a 
different common background and the S+ and S- values of the 
cues were reversed. After criterion was reached on the second 
task, the test of conditioned discrimination was administered. 
Here the cue-background combinations were presented ina 
random order and the task was to respond to the cue-background 


combinations which were reinforced during original and 
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18 
reversal discrimination. 

Original and reversal discrimination were given to 
some children using fading techniques and to other children 
as a traditional discrimination problem. The test of 
conditional discrimination for both training groups was 
identical. 

The results indicated that subjects trained by the 
fading procedure were more likely to perform errorlessly 
during original and reversal discrimination, while subjects 
trained by the traditional procedure were more likely to 
succeed during the transfer task of conditioned discrimination. 

The results of the conditional discrimination test are 
interesting in that the fading procedure was so effective in 
confining the subject's attentional responses to specific 
attributes of the S+ that he was at a disadvantage when other 
stimulus properties (e.g. background) were introduced. 

However, Zeaman and House (1963) point out that we 
cannot assume that in a discrimination task the subject samples 
relevant stimuli in every trial. Allowing for the possibility 
that the relevant cues are not attended to on every trial the 
subject may have to learn to attend to the relevant stimulus 
dimension. 

Thus far, then, the efficacy of errorless training 
procedures have been examined with respect to learning in 
normal and retarded children. It is now possible to relate 
the specific merits of errorless training to those particular 


problems that neurologically impaired children present. 
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Chapter 3 


Rationale and Hypotheses 


The Problem 


It is generally Pree that perceptual deficits, 
often predominantly characterized by defects in the visual 
modality, are common in neurologically impaired children 
(Abercrombie, 1964; Crawford, 1966; Cruikshank, 1965; 
Finneran, 1964; Reswick, 1964). Since much instruction 
depends upon visual presentation of materials it would 
seem that methods of compensating for visual input defi- 
ciences would be particularly helpful. 

Attentional deficits have also been traditionally 
cited as one of the underlying causes of educational 
difficulties in neurologically impaired children (Birch, 
1964; Fisher, 1970; Laufer and Denholf, 1957; Paine, 1962). 
The tendency has been to stress the distracting effects of 
peripheral or extraneous stimuli. Much educational ene 
has been built around the work of Strauss and Lehtinen (1960), 
Strauss and Kephart (1955) and Cruikshank et.cal. .(1961).. 
The central tenet was that brain-injured children are dis- 
tractible and, therefore, in their educational treatment 
considerable attention must be given to reducing the amount 


of stimulation which the child has to cope with in his 


environment. 
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Other studies, however, (Brown, 1964; Browning, 1967; 
Cruse, 1961; Rost, 1967) have suggested that reducing the 
amount of visual stimuli in the environment does not neces- 
sarily have a differential facilitating effect with brain 
injured persons as compared with non-brain injured persons. 
Similar results have been reported with respect to the 
assumed detrimental effects of extraneous auditory stimu- 
lation (Brown, 1966a, 1966b; Cromwell and Foshee, 1960; 
Spradlin, Cromwell and Foshee, 1959). 

It might well be, then, that the distracting effects 
of irrelevant stimuli may not be so central to much of the 
neurologically impaired child's learning difficulty as is 
the inability to organize the relevant stimuli in a problem- 
solving situation. 

This deficiency in forming observing responses has 
been observed by Zeaman and House (1963) in their work with 
moderately retarded children. They point out that the 
trouble with retardates' discrimination learning lies in 
their initial inattention to the stimulus dimensions of 
the problem. Retardates show low initial probability of 
observing certain relevant dimensions but when they learn 
what the relevant dimension is they show the same final 
rates of approach to criterion as normal children. 

Similarly, perhaps many of the basic learning 
difficulties demonstrated by neurologically impaired children 
might be avoided by structuring their attention through 


emphasizing the relevant stimulus dimensions of the learning 
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situation. 

Figure-ground relationships are commonly cited as a 
rather specific type of perceptual disturbance noted in 
neurologically impaired children (Bortner, 1968; Cruikshank, 
1965, 1966, Cruikshank, Bice & Wallen , 1957; Dolphin & 
Cruikshank, 1951; Werner & Strauss, 1941). Neurologically 
impaired children tend to respond to background detail 
instead of the main figure in a visual field. Again, rather 
than being distracted by background stimuli perhaps this 
performance indicates an inability of these children to 
Organize relevant stimuli in a situation. 

Other visual perceptual problems frequently demon- 
strated by neurologically impaired children are rotation of 
designs (Shapiro, 1953) and reversals (Anderson, 1963; Burks, 
1960; Laufer and Denhoff, 1957; Laufer, Denhoff & Solomons, 
1957). Lyle (1969) and Tarnopol (1970) point out the 
difficulty that poor readers, and particularly those with 
neurological difficulties, have in making discriminations 
such as between b and d, p and gq, saw and was, 69 and 96, 
etc. Most children up to the age of about six demonstrate 
reversal difficulties of this sort but they usually diminish 
with increasing age (Davidson, 1935; Lyle, 1969). Vernon 
(1957) reports b-d and p-q reversals in 12 percent of normal 
children aged 7-8 years. One would expect the neurologically 
impaired child's reversal difficulties to be more numerous 


and to rersist longer. 
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Purpose of the Present Study 

Although there is a considerable range in the 
estimates of incidence of learning disabilities the most 
frequently quoted figure suggests that ten percent of the 
school age population demonstrates educational difficulties 
related to He weeragieat impairment (Roberts & Lazure, 1970). 
There has been a recent concentration of effort on these 
children to try to discover how they learn and why they do 
not learn. This educational emphasis has placed the educator 
in the position of needing to learn more about learning 
(Bruner, 1966). 

It has been shown that neurologically impaired chil- 
dren characteristically demonstrate attentional and visual 
| perceptual difficulties which in turn relate to more general 
educational problems. Preceding sections have also shown 
the efficacy of errorless training procedures in facilitating 
learning in lower organisms, retarded children and normal 
children. The purpose of the present research is to compare 
errorless and traditional training methods on a discrimination 
task with neurologically impaired children. The discrimina- 
tion task chosen is of particular relevance to neurologically 
impaired children in that the discriminative stimuli are two 
figures which differ only in spatial orientation. This 
means that the two, two-dimensional figures are identical 
in form but can be made different from one another either by 
rotating one of them about an axis at right angles to the 


frontal plane or by reversing it through the third dimension 
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(Fellows, 1968). The discrimination of differently orientated 
forms is a very difficult one. It is a discrimination skill 
which seems to lag behind the development of visual shape 
perception in general. Discrimination of orientation is a 
skill of particular importance in that it is absolutely 
necessary for adequate performance on tasks such as reading 
and writing. Vernon (1957), in making this point, wrote: 

On one characteristic of the child's perception there 
seems to be general agreement: that he does not observe, 
or only observes and remembers with difficulty, the 
GrEencatlon.Ot SNapes was ¢ «. (pele). 

With the visual perceptual difficulties commonly 
demonstrated by neurologically impaired children and with the 
errors being typically of a reversal type the orientation 
discrimination used in the present study will be particularly 
difficult, especially for the younger subjects. 

For the purpose of this study neurological impairment 
is meant to include a continuum of brain damage ranging from 
instances of anatomical fact ("hard signs") to a behavioral 
concept ("soft signs"). Cerebral palsy would present the 
"hard signs" of neurological impairment in terms of identi- 
fiable central nervous system damage. Minimal brain 
dysfunction, on the other hand, would represent a "soft" 
of behavioral concept of neurological impairment. The term 
minimal brain dysfunction has been used interchangeably with 
in excess of 38 other expressions (Clements, 1966) (e.g. 
brain damage, hyperkinetic syndrome, cerebral dysfunction, 
brain injured, etc.) and consequently has come to be regarded 


as a "catch-all" sort of phrase of questionable utility 
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(Birch & Bortner,1968: Friedman, 1969; Heck, 1969). The 
National Project on Minimal Brain Dysfunction (Learning 
Disabilities) in Children was a collaborative program set up 
to clarify this issue. Their definition read as follows: 

The term 'minimal brain dysfunction' refers to 

children of near-average, average, or above-average 
general intelligence with certain learning and/or 
behavioral disabilities ranging from mild to severe, 
which are associated with deviations of function of 
the central nervous system. These deviations may 
manifest themselves by various combinations of 
impairment in perception, conceptualization, language, 
memory, and control of attention, impulse or motor 
function (Clements, 1966). 

The present study wishes to look at performance 
differences between the "hard" and "soft" definitions of 
neurological impairment in children. In comparing errorless 
and traditional methods on a discrimination task with neurol- 
ogically impaired children categorized according to "hard" 
and "soft" symptomatology a final factor was included. The 
subjects were divided into three age groups, (group 1) 72 - 
107 months, (group 2) 108-143 months and (group 3) 144-179 
months to see if there was any relationship between dis- 
crimination task performance and chronological age. 

The present study was designed to provide information 
relative to four general questions regarding discrimination 
learning and neurologically impaired children. 


1. Is discrimination learning performance related to age? 


2. Is discrimination learning performance related to 
diagnostic category? 


3. Is there a relationship between training procedure 
and age? 
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4. Is there a relationship between training procedure 

and diagnostic category? 
Hypotheses 

1. Discrimination learning proficiency increases as the 
age of the subjects increases. 

2. Subjects in the "soft" category Of neurological 
impairment will be more proficient at the dis- 
crimination learning task than subjects in the 
"hard" category. 

g.uynagneacer Number CL errorless-trained subjects than 
traditional-trained subjects across three levels will 
learn the discrimination. 

4. Errorless-trained subjects will learn the dis- 
crimination more quickly (fewer trials-to-criterion) 
than traditional-trained subjects across three age levels. 

5. A greater number of errorless-trained subjects than 
traditional-trained subjects in both "hard" and "soft" 
categories of neurological impairment will learn the 
discrimination. 

6. Errorless-trained subjects will learn the discrimin- 


ation more quickly (fewer trials to criterion) than 
traditional-trained subjects across both "hard" and 
“soft" categories. 
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Chapter 4 


Method 


Subjects 

Eighty-five students attending the Glenrose School 
Hospital in Edmonton, Alberta, were selected as subjects. 
These were obtained by doing a computer search of the hospital 
patient information system on the parameters of primary diag- 
nosis and age. The patients at the Glenrose School Hospital 
are classified according to the Hospital Adaptation of the 
International Classification of Diseases (H-ICDA) and the 
individual diagnoses are formulated after an extensive 
assessment involving Paediatrics, Neurology, Psychiatry, 
Psychology, Speech Pathology and Audiology, Social Service, 
Physiotherapy, Occupational Therapy and Education. Children 
with serious visual or auditory defects and children who had 
insufficient motor control or strength were excluded from the 
sample. 

The search identified the 85 subjects, 51 male and 
34 female, out of a total data bank of 1293 patients who 
had been assessed at the hospital. Chronological ages of 
the selected students ranged from 72 to 179 months (mean = 
115.36 months). All of the subjects were enrolled in the 
hospital school program at the time of testing and the 
durations of institutionalization ranged from 5 to 142 


months (mean = 35.84 months). I.Q. scores ranged from 


' f, ey ks Boe A Gi ay 
Fp i iv Hn Ht 4 ‘as x H ‘ 
ha ae ta ie ah A 
‘ Ra ty i 
y a ja I] Vi t ‘ 
, ‘ TS 64 le val uF 
; ; al ae 0 , A ke ‘ zs Be 7 a woe ree ap mf " y : i ie 
ee hy Ue Wee ap RLU: hee) eee 


footed ‘pawn ail of NB ies | Yess 
etootdoe as beaseted Bei pnnliid ‘ ee ite ie a 

tadbaleoit arid 20 doxsee. xesuqnes 7: entob re ponzoade | ona | 
~peib vrei sg to exodomnag Bay no mecteye ae 


fatiqgset Loose esoznslD elt ta) pineideg, itt 90 bas 
add to moits? 1gebA Iadigeor. ois out pitibrooss sittgeate 
| wad, bre (ADOT “F) epeenEat to dot soittesss9 


“evienosxe ne xotte Bagatunxo? 915 on T 
eet yookouient! \abintaibesd waaviow 
ek vige Agbooe: (potok hes bas. ypoleritay en 
nesbiidd ods subs rts | qassoite| Lemebseanes® +4 
c: ie suotsee 5 


bed ack’ eexrblido bas adssdeb ae oe to ‘i z 


“ert atnot tea cose ao ft so6b bedor 6 Yo tue vetanie® rs iy 
to asps ts polones Ee r ede 36 bazsaaas aved. bad 
* gent) artsacom ert oe st sot eaters atnobuste besvelee eas 
edd ati bat toans stew atoutdie ott te tin - (asisetom ae.eEt 
| ed baw pattesd to omty bad 4s ‘eenpoig “cocstoe Let iqa: ny 
Shr os 2 mox? bepass wokn | 

mort Sopnes oro a 


27 
46 to 127 (mean = 85.16) as measured on the Wechsler 
Intelligence Scale for Children.} The I.Q. scores are 
not particularly useful in describing the sample because of 
the difficulty in obtaining an accurate intelligence estimate 
or physically handicapped children, Mee chast: where there 
is a considerable degree of motor and verbal impairment 
(Reynell, 1970). 

Raven Coloured Progressive Matrices (Sets A, Apr B) 
raw scores ranged from 7/36 to 35/36 che 19.53). Although 
this test was designed primarily as a measure of general 
ability (Anastasi, 1961) performance on it also relates to 
perceptual accuracy (Burke, 1958; Raven, 1963). Furthermore, 
within the set of six response choices for each stimulus 
plate there usually was a rotated or reversed variation of 
the correct figure. The Raven, then, gave a convenient 
perceptual measure without requiring the subject to reproduce 
a drawing. The effect of differential motor ability was 
cancelled while a tendency to choose rotated or reversed 
response figures could be noted. 

Table 1 shows the number of subjects in each of 
the primary diagnostic categories used to formulate the 


sample. 


lpive of the subjects in the sample had IQ scores 
obtained from testing on the Stanford-Binet but these were 
transformed to equivalent WISC scores using a table devised 
by Horrocks (1964). 
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Table 1 


Number of Subjects in Each Primary Diagnostic Category 
Used in Sample 


Primary Diagnosis Number of Subjects 
Cerebral Palsy 37 
Convulsive Disorder 10 
Meningomyelocele 8 
Hyperactive Behaviour Syndrome 8 
Motor and Mental Retardation Wy) 
Minimal Brain Damage 5 
Central Nervous System Disorder 4 
Brain Syndrome 4 


Spinal Cord and Peripheral Nerve Disorder 2 


N=85 


The subjects within each of these diagnostic 
categories were randomly assigned to the errorless and 
traditional training groups. Table 2 compares the means 
and standard deviations of the subjects in the errorless and 
traditional training groups on the four variables used 


earlier to describe the whole sample. 
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Apparatus 

The child worked in a well-ventilated room 12 x 20 
feet with no windows and a low level of ambient noise. The 
subject sat before a response-display panel which was 24 x 
24 tncheee Mounted on the front of the panel was a 6 x 8 
inch translucent (polacoat) screen upon which stimuli could 
be projected from the rear (Fig. 1). The screen was split 
into halves which were hinged at the top and in contact with 
heavy-duty microswitches of their lower edge (Fig. 2). When 
the child pressed one of the screen halves he actuated the 
microswitch behind it and delivered an electric signal to the 
electronic programming circuitry and recording devices. 
Mounted directly above the screen was a small light which 
glowed bright red when a correct response was made by the 
subject. The rest of the panel was painted in a matte 
black finish. 

The stimulus projection apparatus consisted of two 
modified Kodak Carousel 35 mm slide projectors (Model AV-900) 
mounted behind the response-display panel (Fig. 3). The two 
projectors were required to create a focus difference between 
the two stimuli (S+ and S-). One projector is used to present 
the S- and the other projector to present the S+. The S- 
projector was fitted with a notched focusing knob with a 
sprung metal strip against it which allowed a standard number 
and size of focus changes (Fig. 4). By keeping the S+ 
projector in focus it was possible to present a series of 


slides with the S- projector which progressed from extremely 


Ay i i t : | Ay i ’ » - a) j 
- \ ; i sha ; a a \ 
Of : ; ¥ oe ' ? 
, Wiles. rT) ; y 
; WS a rf iit y : 


os x SE moor 2 badatibody- stew siti | erzow bLéno s 
edt 98. bon tastdns Bo Lovet wor one awobaine oe 
x S$ eew doiiw Loneg ysiqakb~s eutoat gon 8 exoid : 
8x 8 6 BAW fonsq ods 20 tao edt HO. pebngem 
biwoo itumite doksw sou mes 1d2 (trove tog) oa au 
¢ifge esw msetpe SAP. » Va" oD), ‘yson ont mo 
itiw dosdndo ni bas gos ott 3s coe suo Hout vert 


norw =. (Ss Sai apbhs -srewol. xisds to seria bweotod 


eds Detsusos ed sovied ageoe! art 26 ono ee 2 


A. yea 1 " 
eit od Lenpte gixsoste 16 besevileb bis | SL> tbat Ao | 


Nat ieee 


ded “to Hevawends eudsteqas notivetoxg ma 
(O0@-VA IeboM) siete ins obile om, ee seagate 7 
ows ont 2 (€ “ee fousa yelyeth-oae 
neawsed ebianaatiee auoot 5 odBo%9 ot pe ae 


77 - at a ' be 
“dneas%g od ahead ek sosostoxa ano (8 bas 42) ifw ows ses 
Ts +8 ede 142 ott gnaeexg of wosoetos -xerlgo os i 2 oda | 
ae 6 dsiw dona eakavoo® hartogon 6 citiw bedti2 asw sare 


Po, Reema busbaste 8 bewolLs dota Ev senises ae tesom i i ‘ 
a noe Chee ae D | 


31 
out-of-focus (Fig. 5) to in-focus (Fig. 6) over trials. 
Acker (1969) pointed out that with this system it is possible 
to adjust the number and size of the steps in such a progres- 
sion without making more than one set of stimulus slides. 

Previous research has not suggested that there was 
any critical number of steps in a cue-fading progression. 
percvee, Oe steps seemed to be chosen most frequently (Acker, 
1966; Burfoot, 1969; Gollin and Savoy, 1968) so that was the 
number of steps included in the training progression in the 
present study. 

Previous research also points out the importance of 
Spatial S-R contiguity in the acquisition of a discrimination 
(Jeffrey and Cohen, 1964; Murphy and Miller, 1959). This is 
particularly so with younger children. The rear-projection 
screen used in the present research maximizes this effect by 
allowing the subject to respond by touching the actual 
stimulus (Fig. 7). 

Located above each half of the screen on the inside 
of the panel was a photocell. A hole was punched in the 
lower nore of the frame of each slide in the S+ projector 
to indicate which half of the screen the S+ figure would be 
projected. The photocells were activiated by a spot of 
light from the projector which came through the hole punched 
in the slide. The activated photocell then decoded the 
correct position of the S+ figure. Similar decoding apparatus 
have peur described elsewhere (Hively, 1964; Holland, 1961; 


Sidman and Stoddard, 1969; Touchette, 1969). 
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Figure 3 


Figure 5 


Figure 7 Pee 


Figures 1 to 8: Photographs showing different aspects of 


the apparatus. 
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A correct response turned on a small red light 
mounted on the outside of the panel directly above the screen. 
The light and projected stimuli stayed on for 1.5 seconds 
after the response. Following a 2.0 second dark interval the 
next pair of stimuli appeared. S- responses were ineffective 
so that the red light did not come on and the projectors did 
not advance until a correct response was made. 

A temporal account of the ;eeponges was maintained on 
a 20-channel Esterline Angus event recorder and running totals 
were recorded on a bank of Sodeco counters (Fig. 8). A 
Simplified schematic diagram of the electronic circuitry 


appears in Appendix A. 


Stimuli 

There were 80 stimulus slides in each projector slide 
tray. Since the trays were circular an unlimited number of 
trials could be obtained without interruption. The actual 
stimulus on the slide was an abstract figure (Fig. 9) that 
Fellows (1968) describes in reporting research done on 
reversal tendencies indicated in primary school children. 
The research reported a widespread inability of the subjects 
to distinguish this figure from its mirror image. Gibson 
et al. (1962) in a similar study also noted reversal errors 
with these letter-like forms. 

Abstract, letter-like figures which have the charac- 
teristic of remaining unchanged in spite of a 180° rotation 
were chosen rather than actual letters such as b and d or 


p and q which possess the same quality. This was done to 
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ACTUAL SIZE 


Figure 9: Diagram of stimuli used. The figure on 
the left was the S+ and the figure on the right was the S-. 
The stimuli appeared as white outlines on a black background. 
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eliminate any possible language mediational effect such as 
described by Kendler and Kendler (1959, 1961, 1962) which 
might differentially facilitate the learning task. 

The figure was photographed on 35 mm film and then 
mounted on 2 x 2 inch glass mounts to prevent the slides 
from buckling due to projector heat and creating an uncon- 
trolled change in focus. 

The left-right position of the S+t was selected 
randomly with no more than three consecutive displays in 
the same position. This condition was decided upon because 
previous research (Touchette, 1968; White, 1964) has noted 
that position-based responses are the most probable type 
of error pattern in the responses of children in a dis- 
crimination task. The changing of the left-right positioning 
of the projected stimuli over trials was accomplished by 
photographing S- on one half of the slide film for one 
projector while S+ was photographed on the opposite half of 
the film for the other projector. By reversing the photo- 
graphic composition the left-right positioning of the projected 


images of the stimuli was changed (Fig. 10). 


Procedure 

The 85 subjects were tested between 0900 and 1500 hours 
over a period of three weeks. Upon entering the testing room 
each child was first seated at a desk and given the Raven 
Colored Progressive Matrices (Sets A, Ap, Bly 

Following this the subject was shown a large box full 


of articles (toys, books, candy, games, etc.) with the 
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TRIAL n (S- RIGHT) TRIAL n+l (S-LEFT) 


scive 0 | | SciE|_4| Sine | | SLIDE 


aS S+ S- S+ 
PROJECTOR | PROJECTOR _| PROJECTOR PROJECTOR 


Figure 10: Diagram illustrating the left-right 
positioning of S+ and S-. 
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experimenter saying, "We are going to play a game. Lf you 
learn to play the game correctly you can pick something out 
of that box to keep after the game is finished."2 
The subject was then seated in front of the response- 
display panel and the experimenter said, "In this game you 
are going to try to make that red light (experimenter points 
to light over screen) go on." The first set of stimuli was 
presented and the experimenter said, "Which picture do you 
think will make the red light go on?" When the child 
indicated one of the figures he was told to "push the window." 
If the child chose the correct figure the red light 
came on, the stimuli went off and the projectors advanced to 
the next pair of stimuli. The experimenter said "Good" and 
urged the child to "try to make the light go on every time." 
If the child chose the wrong figure the red light did 
not go on and the projectors presented the same stimuli again. 
The experimenter said, "The light didn't go on that time. 
Push the other window." After the first trial the experimenter 


made no further comments. 


2previous research (Burfoot, 1969; Spence, 1970) 
suggested that intertrial reinforcement of correct responses 
using material reinforcers such as candy, coins, or tokens 
tends to be distracting in discrimination learning tasks. 

In the present study symbolic intertrial reinforcement (light 
signal) and a material reinforcer at the end of the session 
was used. 
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Training Procedures 


Errorless. Two different training methods were used 
to teach the discrimination with the subjects being randomly 
assigned to either group. With the errorless training group 
the first 20 trials consisted of a programmed sequence in 
which the S- progressed gradually from extremely out-of-focus 
to in focus and the left-right position of S+ was varied 
randomly over the trials. In effect, the supplementary cue 
of focus differences was gradually faded over a series of 20 
trials. The child began training by making a simple focus 
discrimination which then gradually transferred to a more 
difficult figure orientation discrimination. The stimulus 
shaping OF fading procedure allowed the discrimination to 
progress in a sequence from easy to hard (House and Zeaman, 
1960) and reduced the number of S- responses (errors) during 
training. 

Traditional. With the traditional training group 
the stimulus figures for the training sequence (first 20 
trials) were presented so that S+ and S- were both exactly 
in focus, differing only in orientation. With this training 
condition the subject was learning the discrimination by a 
process of trial and error. The left-right position of S+ 
varied randomly over trials. 

Criterion discrimination. Following both the error- 
less and traditional training sequences a criterion dis- 
crimination series was presented to assess the effectiveness 


of one training procedure as compared to the other. In the 
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criterion discrimination sequence the subject was required 

to identify the S+ where both figures were in focus and the 
left-right position was randomiy varied over trials (similar 
to traditional training sequence). The session was terminated 
during the criterion discrimination sequence when a criterion 
of 10 consecutive correct responses Or 100 trials, whichever 


occurred first, was satisfied. 
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Chapter 5 
Results 


The initial experimental question to be answered 
was whether discrimination learning performance is related 
to age and symptomatology in neurologically impaired children. 
The second experimental question oe whether errorless train- 
ing is more effective than traditional training in neurol- 
Ogically impaired children when the sample was grouped by 
age and then by symptomatology. | 

The relationships between the dependent variable 
(discrimination learning performance) and the independent 
variables (training method, age, and neurological category) 
in the present study were examined using a multiple-classifi- 
cation analysis of variance. A two-way analysis of variance 
was used to test the means of the factors of training 
procedure and age of subject ( 2 x 3 factorial design). 
Another two-way analysis of variance was used to test the 
relationship between the factors of training procedure and 
neurological category (2 x 2 factorial design). All factors 
were assumed to be fixed (Winer, 1962). 

A three-way analysis of variance (2 x 2 x 3 factorial 
design) would have been chosen to evaluate the data were it 
not for the fact that some of the cell frequencies were too 
small to use this model. 


The organization of the following section will be 
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41 
designed to consider each of the hypotheses in a sequential 
order. Discrimination learning performance will be examined 
in relation to age and then symptomatology of the subjects. 
Errorless and traditional training procedures will then be 
compared in relation to age and symptomatology of the neurol- 


ogically impaired children used in the study. 


Discrimination Learning Performance 


Hypothesis 1 was concerned with the relationship 
between discrimination learning performance and age of the 
subjects. The data in Table 3. indicate that the three age 
groups differed in the ease with which the discrimination task 
was acquired. The mean scores for the three age groups shown 
in Table 1 represent the number of trials to criterion. For 
both training procedures Age Group. 3 learned most easily, 
followed by Group 2, with Group 1 experiencing the most 
difficulty. The means were tested by a two-way analysis of 
variance to see if the differences were significant. The 
analysis demonstrated the presence of main effects (p< .001) 
due to the factor of Age Group membership (see Table 4). 

Scheffe's multiple comparison of main effects (Scheffe, 
1960) was used to compare the main effects of the three Age Group 
levels (see Table 5). A significant difference between Groups 
1 and 2 (p<.001) and Groups 1 and 3 (p<.001) were shown but 
the difference between Groups 2 and 3 was not significant. 

The relationship forwarded in Hypothesis 1 was 
partially supported in that discrimination learning perfor- 


mance in neurologically impaired children did improve 
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Mean Trials to Criterion for Two Training Procedures 
by Three Age Groups 


Training Procedure (Factor B) 


Errorless 
Age 1 (72-107 months) 74.35 
Group 2 (108-143 months) 36.00 
(Factor A) 3 (144-179 20 0D<f 
months ) 
Column means 43.64 
Table 4 


Traditional Row means 


s fre eho Hl 83.96 
64.38 DIOL 9 
39-09 Sehre-B3 
Ti OL 


Summary of Analysis of Variance for Two Training Procedures 
by Three Age Groups 


source at ms x 
Age Groups (A) 2 14732.90 125.975 
Training Procedure (B) 1 14149 .60 12.46* 
AX ¢B 2 356.03 ae 
Error whe) 1135.49 


*p9s 001 
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Table 5 


Summary of Scheffe's Multiple Comparisons of Main Effects 
for Data of Table 2 


Age Groups Compared F 
tev 22 8.28* 
1 LO. Ue 
2- 3 -78 
aa Wa are 3 YO 


Significantly from the first age group (72 - 107 months) 

to the second (108 - 143 months). There was improvement in 
the third age group (144 - 179 months) compared to the second 
but the difference was not significant. 

Hypothesis 2 addressed itself to the relationship 
between discrimination learning performance and diagnostic 
category of the subjects. The mean number of trials to 
criterion contained in Table 6 indicate that for both training 
methods the neurologically impaired children demonstrating 
"soft" symptoms learned the discrimination with fewer trials 
to criterion than did the children showing "hard" symptoms. 
The means were tested by a two-way analysis of variance (see 
Table 7) which showed that the differences were not signifi- 
cant and there was no interaction effect. 

The results demonstrate that, while there is a tendancy 
in the direction stated by Hypothesis 2, subjects in the 


"soft" category of neurological impairment were not 
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Table 6 


Mean Trials to Criterion for Two Training Procedures 
by Two Categories of Neurological Impairment 
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Training Procedure (Factor B) 


Errorless Traditional Row means 


Neurological Hard 54.48 74.50 64.49 
Category Soft Soc 7d 64.63 49.20 
(Factor A) 
Column means 44.13 69°.57 
Table 7 


Summary of Analysis of Variance for Two Training Procedures 
by Two Neurological Categories 


Source | Gt ms F 
Neurolégical Categories (A) 1 4006.00 2.81 
Training Procedure (B) 1 11091.80 dove 
A xB it 504.38 <5 
Error 81 1426.25 
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Significantly more proficient at the discrimination learning 


task than subjects in the "hard" category. 


Errorless and Traditional Training Compared by Age Groups 


Hypothesis 3 was concerned with the number of subjects, 
at all age levels, who acquired the discrimination with error- 
less training compared to the number of subjects who acquired 
it with traditional training. Table 8 shows the percentage 
of subjects in each of the three age groups who learned the 
discrimination with errorless and traditional training respect- 


fully... The percentages are illustrated graphically in Fig. 1l. 
Table 8 


Percentage of Subjects in Three Age Groups Acquiring the 
Discrimination with Errorless and 
Traditional Training 


Training Procedure 


Errorless Traditional 
i 49 7 
Age 2 85 44 
Groups 3 100 aye 


A chi-square test of significance was applied to the propor- 
tion of subjects in each age group who acquired the dis- 
crimination by either training method. A chi-square value of 
48.5 (p < .001) indicated fihat (a-stgnaficant difference between 
the two training procedures did exist. The hypothesis that 


observed difference in ease of acquisition across three age 
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Figure ll: Percentage of subjects in three age 
groups acquiring the discrimination with errorless and 
traditional training. 


47 
groups of neurologically impaired children were due to 
different training procedures was supported. 

Hypothesis 4 stated that errorless-trained subjects 
will learn the discrimination more quickly than traditional- 
trained subjects across three age levels. The mean scores 
for the two training procedures across the three age groups 
are contained in Table 3. An examination of the mean trials 
to criterion show the errorless-trained subjects to have 
learned the discrimination more quickly (Fig. 12). The 
mean differences were tested for significance by a two- 
way analysis of variance. The presence of main effects 
(p < .001) due to the factor of Training Procedure 
were demonstrated in the analysis (see Table 4). Errorless- 
trained subjects learned the discrimination more quickly than 
did traditional-trained subjects. 

It is evident from the results of Hypothesis 3 and 4 
that across three age levels of neurologically impaired 
children errorless-training was more effective than traditional- 
training. The data for Hypothesis 3 indicated that across 
three age levels more errorless-trained subjects learned the 
discrimination than traditional-trained subjects while the 
data from Hypothesis 4 showed that errorless-trained subjects 
learned the discrimination more quickly than traditional- 


trained subjects. 


Errorless and Traditional Training Compared by Neurological 


Category 


Hypothesis 5 was concerned with the relationship 
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Figure 12: Mean trials to criterion for two training 
procedures by three age groups. 
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between the number of subjects in two neurological categories 
who acquired the discrimination with errorless compared to 
traditional training. The percentage of subjects in both 
neurological categories who learned the discrimination with 
either training procedure are shown in Table 9. More error- 
less-trained subjects learned the discrimination than tradi- 
tional-trained subjects in both neurological categories (Fig. 
13). A chi-square test of significance, using Yate's correc- 
tion for continuity, yielded a value of 14.8 ( p < .001) 
indicating a significant difference between the proportion of 
subjects in both neurological categories who learned the 
discrimination with errorless training as compared to tradi- 
tional training. Hypothesis 5 was supported. Observed 
differences in ease of acquisition across two diagnostic 
categories of neurologically impaired children were due to 


different training procedures. 
Table 9 


Percentage of Subjects in Two Neurological Categories 
Acquiring the Discrimination with Errorless and 
Traditional Training 


Training Procedure 


Errorless Traditional 
Neurological Hard 68 30 
Category SOLS 85 45 
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Hypothesis 6 related to the quickness with which the 
discrimination was learned with either training procedure 
across two neurological categories. The mean trials to 
criterion are contained in Table 6. The mean scores, shown 
graphically in Fig. 14, suggest that the errorless-trained 
subjects learned the discrimination more quickly. A two- 
way analysis of variance demonstrated the presence of main 
effects (p < .01) due to the factor of Training Procedure 
(see Table 7). There were no interaction effects. Errorless- 
trained. subjects learned the discrimination more quickly 
than traditional-trained subjects. 

The data for Hypothesis 5 and Hypothesis 6 indicated 
that across two neurological categories more errorless- 
trained subjects learned the discrimination than traditional- 
trained subjects and the errorless-trained subjects learned 
the discrimination more quickly. For neurologically impaired 
children grouped according to "hard" or "soft" symptomatology 
the efficacy of errorless training has been demonstrated in 


the acquisition of a discrimination. 
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Figure 14: Mean trials to criterion for two training 
procedures by two categories of neurological impairment. 
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Chapter 6 


Discussion 


Summary of Results 
Based on data gathered from 85 children attending 


the Glenrose School Hospital significant improvement in 
discrimination learning proficiency was noted in neuro- 
logically impaired children as they increased in age from 72 
months to 143 months. Beyond this age and up to 179 months 
discrimination learning performance improved also, but not 
significantly. 

A tendency was noted in the direction of neuro- 
logically impaired children demonstrating "soft" sympto- 
matology being more proficient at the discrimination learning 
task than neurologically impaired children demonstrating "hard" 
symptomatology but the differences were not significant. 

A significantly greater number of subjects were able 
to learn the discrimination by errorless-training than 
traditional training across three age levels. The errorless- 
trained subjects also learned the discrimination more quickly. 

When the sample was grouped according to neuro- 
logical category it was demonstrated that significantly more 
neurologically impaired children could learn the discrimina- 
tion with errorless-training than traditional-training and, 


also, they could learn the discrimination faster. 
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54 
Thus, the effectiveness of errorless training was 
demonstrated with neurologically impaired children regard- 


less of the age of the child or neurological category. 


Zeaman-House attention model. One of the main 
theoretical concerns of the present research was the utility 
of the Zeaman-House attention deficiency theory as applied 
to discrimination learning in neurologically impaired children. 
Zeaman and House (1963) proposed that in acquiring a discrimi- 
nation a subject must learn to attend to the relevant stimulus 
dimension and then learn to respond to the positive cue on 
that dimension. 

In reporting their work with moderately retarded 
children Zeaman and House (1963) stated that the secret of 
successful training lies in the engineering of attention. 

In discrimination training tasks they suggest that methods 

should be sought for increasing the attention value of the 

relevant cues. The present study examined one such method, 
errorless training, to see if it did facilitate discrimina- 
tion learning in neurologically impaired children. 

The effectiveness of errorless training, as 
demonstrated in the present research, suggests that the 
Zeaman-House attention deficiency theory does seem appropriate 
in examining the learning problems presented by neurologically 
_impaired children. The suggestion is that by increasing the 
stimulus value of visual material being used with neurol- 


ogically impaired children perhaps many of the perceptual 
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55 
and attentional deficits demonstrated by these children can 


be compensated for. 


Distractibility. Distractibility is a frequent 
Clincial description used when referring to Pen caaadeel iy) 
impaired children (Frierson and Barbe, 1967; Johnson and 
Myklebust, 1968). However, if distractibility is seen as an 
arbitrary shift in attention and the contextual conditions 
are not examined it may be a label of little educational 
utility. Much of the literature on distractibility appears 
contradictory because of different definitions of distracti- 
bility, different samples being examined and different 
variables being controlled. 

A considerable amount of educational practice has 
been built around the work of Strauss and Lehtinen (1960). 
The suggestion was that since brain-injured children were 
distractible the educator should strive to reduce the amount 
of stimulation in the child's environment. 

Cruikshank (1966) suggested that basic to the 
phenomenon of figure-background disturbance in cerebral 
palsied children is the factor of "hyperdistractibility." 

He described the children as "highly distracted by any 

stimuli in the environment" and suggests that "such behavior 
apparently stems from the inability of the child to refrain 
from reacting to isolated stimuli or groups of stimuli whether 


or not such stimuli or such reactions are related to the 
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56 
specific task at hand (p. 185)." 

It seems that the contextual conditions which facil- 
itate attending behavior might be examined more closely. For 
example, Brown (1966a, 1966b) showed performance in retarded 
and probably brain injured children to be more dependent 
upon familiar social and physical situations than on degree 
of visual or auditory extraneous stimulation. Similar results 
were reported with normal nursery school children (Brown and 
Semple, 1970). 

The present research also questions the importance 
previously placed on the distracting effects of extraneous 
stimuli. The results suggest that with neurologically 
impaired children poor discrimination performance may be due 
to an inability to organize the relevent stimuli of the task 
presented. Just as this deficiency in using orienting 
responses was noted with retarded children by Zeaman and House 
(1963) the neurologically impaired children in the present 
study showed discrimination learning problems related to 
initial inattention to the stimulus dimensions ae the problem. 
When the discrimination stimuli were presented in such a 
fashion as to increase the initial probability of the subjects 
observing certain relevant stimulus dimensions discrimination 
performance was facilitated. 

Kastner and Diller (1968) report results which indi- 
cate a similar deficiency in spina bifida children. They 
used three age levels of children (5-7, 8-10, 11-15 years) 


and examined reversal learning in children with neurological 
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57 
impairment (spina bifida) compared with a non-neurologically 
involved disabled group (congenital amputations). They 
found that a large number of the young children in the spina 
bifida group failed to make the initial discrimination. 
Kastner and Diller suggest that "the major problem seems to 
center around a lack of ability in organizing relevant cues 
in a problem-solving situation (p. 660)." The results of the 
present study suggest that the acquisition of the discrimi- 
nation in Kastner and Diller's work would have been facil- 
itated if errorless training methods had been employed. 

Perhaps many of the discriminations considered too 
difficult for young children to learn by conventional training 
methods could be successfully trained with errorless methods. 
Moore and Goldiamond (1964) showed that in a match-to-sample 
task where triangles differed slightly in degree of rotation 
preschool children could learn the discrimination only if 
errorless procedures were used. Similarly, Sidman and Stoddard 
(1967) were able to teach retarded children to make discrimi- 
nations between circles and ellipses which differed only 
slightly by using fading techniques. Stoddard and Sidman 
(1967) demonstrated that with normal children this a@ifficult 
circle-ellipse discrimination was more effectively trained 
with errorless techniques. 

The present research demonstrates how a difficult 
see etintafa OH of orientation dota be learned by 49 percent 
of the youngest group of neurologically impaired children 


with errorless training while only 7 percent of the subjects 


Utsoigotosuan-a0s | s , dade Besimon sib 

yedt (ene sadvate teak 

| sage ody ia newbhtds pane ari ‘Ss 

\notsamimisels iskdtdi ons stem oy sect gs a 

ot adel maldeag “copant suit dea3 2 ‘eepee | 7 

Bou dasval ee patkinapro at wed dtibite io: a oo 
ens io etigges sft Ne PERS 4) ‘aokzeuste ‘ekivioa 

-imbioelb edd 20 ‘toi? keeupoR edd todd veepeie: bes 3 

~fiost mesd svsa blow augw a’ <eftto bts, tombesit ne 

-boyolgae need bad ebodtem oninteyy eesszorxe tt 


Lae a 
ooF Herebilenos anoltjscintziperb: ond 20) ant 


noOktssox Mo oaxysd at visdphte ‘peed th Waleed atest 
se iia sotdaniminoe ts sity Aseeal ‘StHop ‘ngibd> Logiton 
Hiebbors brie emn.be iv iteet hte  Bibans aioe 8 | oq 
~imivoeth eaam oF agxbtins bebrsior foie ae 
‘whan boxe de leia Seanad fhe is adhe: 
nmi bas bxsbBota - BSS Lite patos: | Le 

| twotatup wias nowhitite inilok ane se ae. 

_ benikens YievisowRte ‘stom saw 


58 
were able to learn it with traditional training. In the 
second age group 85 percent of the errorless-trained subjects 
and 44 percent of the traditional-trained subjects learned 
the discrimination. All of the subjects in the errorless 
group at age level three acquired the discrimination while 
55 percent of the traditional group reached success. The 
effectiveness of errorless training in the acquisition of a 
difficult visual discrimination with neurologically impaired 
children is evident across all age levels. It seems that by 
increasing the probability of the child responding to the 
relevant dimension of the stimuli perceptual and attentional 
deficits concomitant with neurological impairment can be 


~ 


compensated for. 


Educational Implications 

Perception of orientation. There are specific areas 
of perceptual development where young children have difficulty. 
The discrimination of differently orientated forms is a very 
difficult discrimination for young children and consequently 
it is a discriminatory skill which seems to lag behind the 
development of visual shape perception in general. However, 
it is an important skill for humans "since it is absolutely 
necessary for adequate performance On certain socially essen- 
tial tasks, such as reading and writing (Fellows, 1968 p.115)." 


In learning to read a child is confronted with the 


problem of responding differentially to figures which differ 
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only in orientation. The first step towards an analysis of 
reversal errors was made by Davidson (1935) who found hat 
confusion of the letters, b,d,p,q tended to persist in 
children up to the age of 7 1/2 years. Vernon (1957) reports 
finding 12 percent of children aged seven to eight years 
demonstrating reversal errors of this sort. 

Rudel and Teuber (1963) found that children aged three 
to nine years were readily able to learn a discrimination of 
either vertical and horizontal rectangles or upright and 
inverted U-shapes. However, many of the children had con- 
siderable difficulty with the discrimination of oblique rec- 
tangles or left-right reversed U-shapes. Rudel and Teuber 
used a neurological model to explain the difference in the 
relative difficulty of these discriminations. However, Acker 
(1966) demonstrated that the left-right discrimination was no 
more difficult than the up-down discrimination of U-shapes 
when errorless training is employed. The results of the 
present research support Acker's work. 

As with any skill that shows gradual improvement with 
age there has been a tendency to regard the discrimination of 
orientation as being a function of age or of some maturational 
mechanism. For example Vernon (1957) concludes that a child's 
difficulty with the orientation of forms is the ".. . result 
of lack of maturation (p. 27)." While there is most likely 
some truth to this it is not very helpful to the educator. 

It is necessary to look for environmental variables which 


facilitate a child learning to discriminate orientation. 


ee ile wa 
to sanctions: as + seed 7 


astLoger (vee) aon1ev ape, ae te ste as on ae 
ateoy jdpie of “nevee bops machi | : 

3208 eins 2o exorxe Ehevevex — 

gent beps meablido edd bao teaen) ieduer bas er 


bas: tadelugy xo era ee istnoshued bas task 
-noo bet mexblideo odd to valet Tevewatl “-degade-t ‘bes 
“pen eupitde to no ksetiniwoiesty edt pr ‘eelwok hth: ota 
sedyeT fas febyA .asgetie-W ORE sipia-Sred ae 4 
eit oi entevatiib ent atelaxe ot LeBbor isoigolowen * a 
seas vtevewor rd i Serban toekb oRent ey lial 
CPL ume’ cobtbntntoeth jdpia~Htet aity eelt beveute 
aageiert) to noksenimiswedh mob ~at ont ‘ment 
ert to esliveex ont . beyolgus: Py Peindsne 

AO ‘8 "300A tga 


ito noitenininsen® eid. heidi ot ‘vonobAsd 

isnotteausem ome to *0. ‘8p8 to aired 

ni bLido 5 sig aebutoavo (een) 

‘Sues bie rer 
eee sto aren ne of ehalia — ‘eich to. doal 20 

qhed quay jon ab 3i. eidd 08 dtwey! onde 


siden Ot Aool of vaneaeoea eb at 


60 
Jeffrey (1958) reported that 11 out of 14 children 


aged three years eleven months to four years nine months 

could not learn to respond differentially to two differently 
oriented stick-figures by a trial-and-error method. The 

two stick figures differed from each other in that one had its 
left arm raised and the other its right arm. The two figures 
were presented successively to the child, in a random sequence, 
and the child was required to respond to one by calling it 
"Jack" and the other by calling it "Jill." Jeffrey found that 
verbally instructing the child to notice the differences 
between the figures had no effect on performance. Jeffrey 
then tried having the child respond by pressing buttons which 
were located in direct line with the raised arm of each figure. 
It was found that now all of the subjects administered this 
button pressing task quickly learned the discrimination. 

Within the theoretical frame of reference of the 
present stacy one could hypothesize that the reason the 
children could learn the discrimination after the response 
buttons were installed was that the buttons helped focus the 
child's attention to the relevant cue (i.e. raised arm) of 
the task. Once the relevant cue was identified the dis- 
crimination was quickly learned. 

The results of Jeffrey's work and the present research 
suggest that contrary to the opinions of Davidson (1935) and 
Vernon (1957) the child's discrimination of orientation is 
sensitive to training. This has practical implications in 


the remedial treatment of poor readers who have discrimination 
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problems similar to those of a young child (Fellows, 1968). 


Reading problems. Educators are becoming increasingly 
aware that inadequate reading ability might better be viewed 
as a symptom with neurological dysfunctioning children rather 
than a discrete clinical entity in itself (Abrams, 1970; 
Ebersole, Kephart and Ebersole, 1968; Hewett, Mayhew and 
Rabb, 1967; Silver and Hagin, 1967). 

Bateman (1970) regards learning to read as a process 
consisting of two stages. The first stage consists of the 
child learning to make differential responses to visual 
stimuli. The second stage is where the child attaches meaning 
to the symbols which have been identified in the first stage. 
Bateman contends that children who have trouble in reading 
usually are in need of remediation in the first stage. 

Lyle (1969) points out the difficulty that poor 
readers, and particularly those with neurological difficulties, 
have in making discriminations such as b-d, p-q, sSaw-was, 69- 
96, etc. Lyle, in comparing equated groups of 54 retarded 
readers and 54 controls, concluded that letter and sequence 
reversals are associated with reading retardation. With 
reversals being a considerable factor in reading problems it 
seems important to have access to specific techniques which 
help compensate for these special learning deficiencies. 

Childhood development in general may be viewed as a 


type of spiral process where each stage of development is 
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dependent on the stage proceeding it. It would follow that 
if some of the earliest stages of development were not well 
formed the ensuing stages would not be complete, thus 
creating developmental gaps or lags which are so often spoken 
of in neurologically impaired children. It is suggested that 
some of these formative developmental stages, with special 
reference to perceptual-visual areas, might have a greater 
chance of successful development with errorless training 
techniques. The present research has shown this to be the 
case in training the discrimination of orientation with 


neurologically impaired children. 


Adverse effect of failure. There often seems to be 
a certain degree of circularity operating with neurologically 
impaired children. These children, due to a combination of 
perceptual and attentional deficits interacting with non- 
petcenoae inc methods of instruction, develop incorrect habits 
of learning. These incorrect habits of learning, although 
seemingly small and insignificant when viewed individually, 
develop in a cumulative fashion until they create actual 
learning failures (e.g. reading problems). As a result of 
these failures the child may start to develop a poor image 
which then even lessens the chance of success. Finally, 
continuous failure becomes too much to cope with and creates 
an emotional overlay. These emotional problems, in turn, 
further reduce the chances of success. 


The importance of the adverse effect of failure in 
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learning disabilities is emphasized by Hirt (1970) who 
stated "Because of the fear of failure these children 
experience, they want to have the highest degree of security 
that is possible for them." Gever (1970) suggested that 
failure experience, perhaps paradoxically, should not be 
weighed as a result but rather as an etiological and sustain- 
ing agent of learning disorders. He pointed out that the 
precise effect of failure in the learning process is still 
unclear but that, particularly in children with learning 
disabilities, undoubtedly, being wrong produces a degree of 
frustration, discomfort and tension which mounts in relation 
to the aueauency of incorrect responses. 

Similar to this is the phenomenon of "“failure-set" 
described by Zeaman and House (1960). They found that when 
retardates suffered prolonged failure on a problem which 
proved to be insoluble they were then unable to solve even 
the simplest problem, although they previously had been able 
to do so. 

Gever (1970) made the following suggestion for 
approaching the problem of failure and learning disabilities: 

Hence, good educational procedure often dictates a 
maximization of success, particularly when the student 
has experienced few such rewards. Programmed learning 
designs account for this factor by use of frequent and 
immediate positive reinforcement (p.34). 

Related to this is a study done by Freibergs and 
Douglas (1969) where they found that hyperactive boys were 
as successful as normal boys in learning a new concept under 


100 percent reinforcement but were debilitated under a 50 
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percent schedule of reinforcement. One hundred percent 
reinforcement served to increase the attending behavior of 
the hyperactive boys and, thus, facilitate their learning the 
task. 

Results similar to this were noted in the present 
study. The errorless training technique used with half of 
the subjects greatly increased the number of successful 
choices they made and reinforced them on a 100 percent 
schedule. With the trial-and-error group the subjects were 
reinforced for every correct choice but often went for a 
considerable number of unsuccessful trials (resulting in no 
reinforcement) before they made a correct choice. This was 
particularly so if the subject made position-based responses, 
such as pressing the screen that was correct last trial, or 
responded according to some right-left sequence (e.g. right, 
eight, left, Lett, right, Bright,, etc). 

During periods such as these, when rate of success 
and reinforcement were low, behavioral differences were 
observed in the trial-and-error group subjects. Some of the 
subjects would become quite frustrated and press the response 
screens very hard or be verbally aggressive toward the appa- 
ratus. Many threatened to quit the task and one subject 
actually fled the experimental room. 

None of these behaviors were observed in the errorless 
group. The prevailing approach to the task appeared to be one 
of interest and amusement. A number of the subjects, upon 


reaching criterion, asked if they might continue doing the 
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task. The amount of overt verbalization by the errorless 
subjects seemed less than the traditional subjects. Whereas 
the content of the verbalizations of the traditional subjects 
tended to be aggressive or irrelevant the verbalizations of 
the errorless subjects tended to be more of a self-directing 
nature. The errorless subjects often gave themselves verbal 
instructions related to making the correct choice in the 


discrimination task. 


Applications and Limitations of Errorless Training 


In the present study an errorless technique was used 
to train the discrimination of orientation in neurologically 
impaired children. The importance of this particular dis- 
crimination in learning to read has been discussed earlier. 
The remediation of letter reversal problems in beginning 
readers is an obvious extension of the procedures used in 
this research. However, it is quite likely that other 
elementary reading skills might be more efficiently taught 
with errorless training techniques. For example, primary 
word recognition skills might be acquired with greater ease 
using errorless techniques. Large print and pictorial cues 
might be gradually faded until only the word in small type 
remained. While this method could be used with the learner's 
first introduction to formal reading material it is likely 
to be most effective in teaching word recognition skills to 
students who, because of previous failure and unsuccessful 


experiences, have come to regard reading as an aversive 
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66 
situation. 

O'Conner and Hermelin (1963) used a method similar to 
this to gradually shift the control of responses in moderately 
retarded children from one stimulus to other stimuli. They 
shifted the verbal response from a picture to a word in large 
print and then gradually reduced the size of the print. They 
demonstrated ena phil dnen learned to recognize the words with 
this fading method in significantly less trials than children 
in a control group could. 

While errorless training techniques have been shown 
to be most effective in some situations it would not be 
generally desirable to train all discriminations without errors. 
Terrace (1966) warns against the lack of frustration tolerance 
that would result from a steady diet of errorless discrimi- 
nation learning. Terrace points out that when pigeons were 
trained a color discrimination under a 100 percent reinforce- 
ment schedule and then abruptly switched to an intermittent 
schedule their behavior became very erratic and there was a 
noticeable decrement in performance stability. | 

With children the effect would be most likely similar. 
Intermittent reinforcement is known to maintain a response 
over a longer period of time. However, this is with the 
provision that the discrimination response has already been 
acquired. Errorless discrimination techniques are more 
appropriately used to train a discrimination where there has 
been a previous history of failure. Once the discrimination 


is acquired it would be important to then progressively 
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develop a tolerance for non-reinforcement. 

Another aspect of errorless training which limits 
its use to specific situations is the amount of work required 
in preparing the stimulus materials. Touchette (1968), 
however, concerning himself with the training of retardates 
states: 

Tedious though it may be to establish a graduated series 
of training stimuli which insure continuity of stimulus 
control, the startling effectiveness and economy of the 
program, once perfected, amply justify the work necessary 
to develop it (p. 48). 

In a clinical context, then, errorless training is 
most useful if viewed as a remedial technique which can be 
applied to specific deficit areas (e.g. reading reversals) 
rather than as a general preferred mode of discrimination 
training. The present research demonstrates the applicability 


of errorless training techniques to some of the learning 


problems presented by neurologically impaired children. 


Limitations of the Present Study 


Most of the problems that occurred were related to 
the sample itself. The small sample size was a major limita- 
tion. Although the sample used represented the entire Glenrose 
School Hospital population fitting the selection criteria, the 
subjects were not evenly distributed according to age and 
diagnostic category. This meant that there were many more 
subjects demonstrating "hard" neurological signs than "soft" 
signs. Also, there were more children in both the young and 


middle age groups than there were in the older age group. 
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68 
The result was that some of the cell frequencies were rather 
small when the data was organized for a two-way analysis of 
variance and were too small to allow a three-way analyses of 
variance to be done. 

Similarly, each of the general "hard" and "soft" 
neurological categories were comprised of a number of separate 
diagnostic entities. This meant, for example, that the 
category of subjects demonstrating "hard" symptomatology 
included cerebral palsy, convulsive disorders, meningomyelocele, 
etc. Even within one of the primary diagnostic groups, such 
as cerebral palsy, there were various types included (spastic, 
athetoid, ataxic & mixed) with varying degrees of limb 
involvement (diplegia, hemiplegia, quadriplegia). Accordingly, 
the conclusions drawn from the present research can only be 
regarded as general statements and not specific to any 
particular diagnostic category. 

The functioning of the projection apparatus created a 
small amount of difficulty. The circuit was designed so that 
the two projector lamps would be automatically turned off 
after each response the subject made to darken the screen 
before the next pair of stimuli were presented. The rapid, 
repeated heating and cooling of the projector lamp filaments 
Meant relatively short periods of time before they burned out 
and needed replacing. If this happened while a subject was 
operating the apparatus it necessitated an interruption of 
two or three minutes while the projector lamp was replaced. 


A better arrangement for extinguishing the light between 
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trials would have been using motor-driven shutters on the 
projectors. These devices are available commercially but 


are quite expensive. 


Suggestions for Further Research 


Some of the directions which follow-up studies could 
take became evident in previous discussion. For example, a 
number of shaping or fading techniques (colour, intensity, 
size, position, contrast and focus) have been used to transfer 
control between stimuli. Focus fading was the method chosen 
for the present study because the apparatus required would be 
familiar and convenient in most schools. However, there has 
been no experimental comparison made of the relative effective- 
ness of any of these methods using a common sample. Similarly, 
an examination of the effects of different numbers of steps 
in the fading progressions used would be useful. The number of 
steps in the training progressions are usually arbitrarily 
chosen but there may be some optimal progression length. 

It would be interesting to examine retention of a 
discrimination trained by errorless and traditional techniques 
at different points in time after acquisition. Touchette (1968) 
demonstrated better retention with errorless trained subjects. 
However, he used a different discrimination, different training 
method and different sample than the present study. Can the 
same be said for neurologically impaired children on an 
orientation discrimination? 

Using conditions similar to the ones in the present 


research it would be useful to compare errorless and 
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70 
traditional training on their relative abilities to 
facilitate generalization. In other words will the ability 
to discriminate other figures differing only in orientation 
be different after errorless and traditional training? 

Cruikshank, Bice and Wallen (1957) undertook a major 
study of the figure-background relationship in cerebral 
palsied children. They noted that the spastic group of 
children made significantly more background responses than 
either athetoid or unhandicapped groups. Further, the spastic 
children did not demonstrate any appreciable modification in 
their performance with increased chronological age. In the 
present study cerebral palsy was considered a general group 
with no further breakdown according to type. It would be 
very interesting to see if there were differences between the 
spastics and athetoids in the ability to perceive orientation. 
Also, would errorless training increase the number of figure 
responses in a figure-background discrimination with spastic 
children? 

In the present study mention was made of behavioral 
differences noted between the errorless and traditional 
subjects. It would be useful to videotape performance so 
that objective comparisons might be made. Heart rate and 
galvanic skin response measures might also be taken. 

Finally, in response to Bortner's (1968) observation 
that "It is clear that the concept of attention is not yet 
GCtear (po. 70); perhaps further clarification might be 


obtained by comparing errorless and traditional performance 
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under various conditions where visual and auditory dis- 
tractors are present. Similarly, considering work done by 
Brown and Semple (1970) suggesting that attention diffi- 
culties in children may be related to social conditions, 
further research might be done examining errorless and 
traditional training procedures when social variables are 
considered. The results could be relevant to normal younger 
children in early stages of learning where perceptual prob- 


lems are suspected. 
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Simplified Diagram of Electronic Circuitry 


SSHOLIMS 
G3LVNLOV N33YOS 


ieee 


1437 


Wee hou 
Ment ap! 


iy 


WHIBIL CULE 
eouisor BECWA 
“fOLvrisee 


Oe. Seen a 


a 


OOT OOT OOT OOT OOT OOT OOT Co 672 
OOT OOT OOT OOT OOT OOT OOT OOT a9 9S (OKs 7OW- LOLS CL 
OOT OOT OOT OOT OT OOT OOT OOT eo eG oe 
Be Se tee Wa ee ee econ oo 
dnoi5 ehv 
Denes eee. ee ee eee eee ee 
TT=N €T=N 
O0OT 9S T? oF 
OOT GZ GZ OT 
OOT OT OOT OZ On 4505S 
OOT OT OOT 8T OT 
OOT OOT OT c9 jas OT 
eee ee eS SS eee eee 
O€=N TeE=N 
O00T OOT OOT COT OT OOT OOT SS SE fase 
OOT OOT OOT OOT OT OOT OOT oo € cr 
OOT OOT OOT OOT OT OOT OOT LY 62 OT p2zeH 
OOT OOT OOT ay OT OOT 89 vv ENG OT 
OOT OOT OOT 8T OT OOT eg BE Ge OT 
OOT OOT O0O0T OT OT OOT OOT 9S GE 8T OF, 


TeUCTITPeEIL $se[i10129 Toba ze) 


TeotTHboTOAnsNn 


Me a ee EE Ee eee ee 


eanpesorg HhututeirL 


i 


sdnoig oby eeryu, pue ZusewerzTedut TeotTboTOAneNn 
Jo setz0be7zeD omy, Aq seznpes0id HUTUTeIL OME, TOF UOTTSRTAD OF STeTAL 


q xtpueddy 


83 


BE 
Ce ST 
Ye 8T 
O¢ iy 


ce 
Sue 
ot 


Lt 
OT 
OT 


OT 
OL 
Ot 


OT 
OT 
OT 


° oul 
GLESVTL 


° OU 
CP L=801 


TT=N L=N 
OOT 95 OT 
OOT O0OT OT OT 
OOT OOT OT OT 
ee eS Se ee ee 
9T=N OZ=N 
0O0T OOT OOT NG OT OOT vv 
OOT OOT 0OT 8I OT OOT ¢S Lv 
OOT OOT 0OT Li OT OT OOT LY oe 
a ere re a rE 
TeuoTITpelL 


ssoTa0r1g anoiy obyv 


B30039 


